Barbara Webb raises a crucial methodological point: in order to learn something about biology, it is more effective to build models of existing animals, rather than building ad hoc artificial creatures (animats). The critical problem with animats is how to validate them, since a direct comparison with animals is not straightforward. In our commentary, we will raise three main points:
Let Animats Live!
Matej Hoffmann, Rolf Pfeifer AI Lab, University of Zürich Barbara Webb raises a crucial methodological point: in order to learn something about biology, it is more effective to build models of existing animals, rather than building ad hoc artificial creatures (animats). The critical problem with animats is how to validate them, since a direct comparison with animals is not straightforward. In our commentary, we will raise three main points:
1. While we agree that validation of an animat is indispensable, we propose alternative validation criteria to direct comparison with an animal. 2. We will advocate the animats' right to existence by listing advantages of the animat approach. 3. We speculate that methodological purity versus effectiveness of practical research can be sometimes seen as a trade-off.
Validation and Alternative Validation
Webb is completely right that in order to claim something about biology, one needs to demonstrate how the insights learned from an animat are relevant for biological systems and she is also right that this process is often postponed indefinitely. The validation method Webb proposes is a direct comparison of a phenomenon of interest in an animat with this phenomenon in an animal. This is then obstructed by the very animat nature-animats do not have clear counterparts in the animal kingdom. However, we think that there are alternative validation criteria for comparison with real systems. A family of these criteria rests on information-theoretic measures. Taking the example from the target article-how sensorimotor capabilities of organisms sup-port intelligent behavior-we believe that insights can be obtained by measuring the information structure of sensorimotor data (e.g., Lungarella, Pegors, Bulwinkle, & Sporns, 2005) . This can be done for an animat. In order to link these criteria to the real world, they need to be shown to work for biological systems too (the alternative validation criteria thus become metavalidation criteria that need to be validated themselves). Having done that, they can then be used as preliminary validation for animat models-without having to resort to comparison to animals at every stage-which may boost the productivity of research. A similar case are the criteria employed by Verschure (1999) : efficiency and stability of learning. And one can add one more criterion here: In synthetic methodology, the artifact has to work (e.g., a walking machine needs to walk)! While this is a very mundane validation criterion, we believe it is a powerful one.
Sometimes, these indirect validation criteria can be the only ones at hand. While cricket phonotaxis can be validated by comparing a model with real cricket behavior, how do we make the comparison when attacking the most difficult phenomena such as life, cognition, emergence, embodiment, and so forth? If we want to investigate them at all, we need to resort to indirect validation criteria.
Advantages of Using Animats
Webb mentions that the only apparent advantage of using animats is that they are immune to criticism of their validity. We do not agree on this point. In the previous section we have suggested a means to validate animats. In this section, we will discuss the advan-tages we think there are in using animats for biologically relevant research.
No Modeling Overhead
Webb discusses two attitudes to animat research. First, taking a made-up target for an animat (such as a Martian three-wheeled iguana) and modeling it. Second, devising an artificial system without an a priori target. While we do not consider the former approach to be very productive, we think the contrary about the latter.
Webb mentions passive dynamic walkers (Collins, Ruina, Tedrake, & Wisse 2005) as representatives of the animal modeling approach. While it is probably possible to arrive at these models by taking a series of abstractions from human walking, we do not think this is the dominant approach in the community. While some of the walkers have human-like morphologies, others, for example the MIT "penguin toddler," are very distant relatives of humans. In order to obtain these walkers with a rigorous modeling approach, one would need to take a lot of possibly counterintuitive steps to arrive at the model (e.g., ignoring knees or using giant circular feet etc.). We think that the leading methodology here was: make the machine walk! Only after that were they compared with humans. This might even match Webb's view that "the animat researcher can choose post hoc to note any biological data that seems to match their results while conveniently ignoring any data that does not" (sec. 4.2). We think that building an animat and using it to explain biological data post hoc can actually be a productive approach. Also, while the Cornell and Delft walkers may be compared to humans in gait appearance and energy use, in case of the MIT biped, it is rather the learning that can be regarded as a model. However, how does it then differ from Verschure's (1999) distributed adaptive control that Webb makes fall into the animat branch? 1 To conclude, we think that this is where the power of synthetic methodology lies: in the building process, we do not want to be bogged down with a modeling procedure that would create an overhead and also additional constraints. This leads us to the next section.
Reduced Bias
Under the animal modeling approach, a target behavior is modeled. This on the one hand provides focus to the search for hypothetical underlying mechanisms. On the other hand, it inevitably limits and biases this search. As an example of profiting from a more animat approach, we would like to mention the emergence of coherent behaviors from sensory-motor coupling. In Bovet and Pfeifer (2005) , it is shown how an objectfollowing behavior and a delayed-reward learning task emerge without being a priori modeled. In this way, the designer's bias may be reduced and Occam's razor more sharpened (here solving a delayed-reward learning task without memory for instance). We thus think that more surprising results can be arrived at when having no a priori target.
Methodologically Unclear But Productive?
Webb is advocating an approach that is methodologically clear and transparent. However, we think that: (a) real research is never so clean and it may be very hard to retain this methodological purity; (b) the methodological jungle can be exploited to become more productive.
Bio-Inspired Source Model?
To illustrate this point, let us look at the notion of a source model. Webb (2001;  and target article) characterizes the source model as a model that was built independently of our current hypothesis about a target system. Mathematics or engineering often serve this purpose. Good examples of source models that became widely used in biology are cellular automata. On the other hand, Webb rightly points out that in animat models, such as the work of Beer, the systems are not usually constructed independently of a target system but already with some target mechanisms (such as categorization) in mind. Hence Webb suggests that they would be better referred to as models implementing a hypothesis rather than as source models.
We admit that such models constitute hybrids, which makes them methodologically not transparent. Nevertheless, we would like to advocate their existence, since we think that they are useful. Let us call them bio-inspired source models. Rather than waiting for other disciplines to coincidentally deliver useful source models, we may be able to speed up our research by creating models that once developed can serve as new source models for biology. We think that Beer's minimally cognitive agents and the dynamical systems machinery developed around them (e.g., Beer, 2003) can be regarded as such.
Note
1 Expanding our set of alternative validation criteria, in the realm of walking, there are alternatives to direct comparison with humans as well. One of the powerful concepts that works for animals and animats and that can be measured is self-stabilization-the ability of the mechanics to stabilize a system in the presence of disturbances (Blickhan et al., 2007) .
